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Background  Web-based electronic patient-reported 
outcomes (ePRO) measures are increasingly used to facili-
tate patient-centered health assessments. However, it 
is unknown if ePRO completion is feasible for recently 
ill intensive care unit (ICU) survivors and their families. 
Objective  To develop and evaluate the usability of a novel 
ePRO system (ePRO to Support People and Enhance 
Recovery [ePROSPER]) among ICU survivors and their 
families within an ongoing clinical trial. 
Methods  Paper-based PROs were iteratively adapted to 
electronic forms (ePROs). Then, the usability of ePROSPER 
was assessed among 60 patients, their family members, 
and PRO and programming experts via questionnaires 
(eg, Systems Usability Scale), “think aloud” open-ended 
feedback, task completion times, and error rates.
Results  Input from patients and their families was used to 
incorporate user-experience modifications into ePROSPER. 
This feedback also led to inclusion of automated remind-
ers for questionnaire completion and real-time alerts for 
staff triggered by high symptom levels. Median usability 
scores increased over testing cycles from 40 to 73 to 95, 
nearing the maximum score and showing excellent usabil-
ity. All users completed ePROSPER within 20 minutes; 
87% preferred it to a written version. ePROSPER was 
then implemented in a clinical trial without data errors. 
Conclusions  Automated ePRO systems can be success-
fully integrated in a post-ICU clinical trial setting. The 
value of integrating such systems in direct clinical care 
should be assessed in future studies. (American Journal 
of Critical Care. 2016;25:340-349)
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C
ritical illness can affect areas of emotional, physical, and social functioning in 
important ways. These health outcomes are typically assessed in clinical research 
settings by administering standardized patient-reported outcomes (PRO) question-
naires in person, by telephone, or by mail. This approach, however, presents 
challenges related to patient-centeredness as well as research efficiency and accuracy.1 
Collecting potentially sensitive data such as data on psychological distress in personal interviews 
may result in discomfort, filtering, or bias.2
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Collecting data from 
survivors of critical 
illness and their familes 
is a challenge.
Also, survivors of critical illness and their families 
often have characteristics that pose particular chal-
lenges to interviewers, including residence in time 
zones and area codes that differ from those of the 
research staff (leading to call screening), unpredictable 
schedules, frequent changes of residence through 
the process of recovery, and physical and cognitive 
disabilities.3-5 As a result of these data collection 
barriers, intensive care unit (ICU) outcomes studies 
sometimes suffer from more than 30% to 50% of 
data being missing,6,7 necessitating trial extension or 
acceptance of lower statistical power.7 The multiple 
telephone calls, letters, and e-mails required to com-
plete study interviews can also increase staff strain 
and cost.
The convenience and ubiquity of smartphone 
and Internet access, combined with the use of elec-
tronic patient-reported outcomes (ePROs) could 
help to overcome many of the logistical challenges 
associated with clinical trial follow-up.1,2 However, 
many clinical research database systems are designed 
to allow data entry from study staff only, without 
incorporating users’ experience. This limitation makes 
data collection directly from patients in a way that 
that is efficient, secure, and compliant with the Health 
Insurance Portability and Accountability Act (HIPAA) 
challenging.8 Furthermore, many off-the-shelf ePROs 
do not include content tailored for critical illness 
survivors or lack the capability for complicated self- 
administered assessments (eg, cognitive evaluation). 
Also, usability of ePROs administered through 
existing database systems (eg, REDCap) cannot be 
generally assumed for critically ill patients, who are 
often disabled and elderly.9 Regardless of the under-
lying digital platform used, developing a multidomain 
battery of ePROs and a system 
through which to administer 
them to critical illness survi-
vors is novel. 
To address these challenges 
and to accommodate evolving 
patient preferences for online 
questionnaires versus tele-
phone interviews,10-12 we devel-
oped and performed usability testing of ePROSPER 
(ePRO to Support People and to Enhance Recov-
ery)—a data collection system tailored to the needs 
of ICU survivors and their families—in a clinical 
trial setting.13,14 As usability is a critical antecedent of 
implementation outside of research settings, under-
standing the usability of an ePRO system in ICU 
survivors also could be relevant to future clinical 
practice in critical care.
Methods 
Overview of the Parent Clinical Trial
This study was performed within a recently 
initiated randomized clinical trial that compares 
the effect on psychological distress of 2 postdis-
charge behavioral and informational interventions 
among ICU survivors and their family members 
(NCT01983254). In this trial, patient and family 
participants complete an in-person interview while 
hospitalized, followed by 3 telephone interviews in 
the first 6 months after discharge. This article describes 
the development, performance evaluation, and 
implementation of an ePRO system for ICU patients 
and their family members (ePROSPER, Figure 1).
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Rationale for the Development of ePROSPER
Many of the first participants enrolled in the 
parent clinical trial stated that they would prefer 
online questionnaires to telephone-based interviews 
for convenience, added privacy, and to reduce the 
time required for completion. We could not find 
an off-the-shelf solution that addressed the study’s 
complex data collection needs, its requirement for 
sophisticated security checks, or had evidence of 
usability in the target population.
Therefore, we aimed to develop an ePRO system 
that was usable as well as the following features: (1) 
highly secure, HIPAA compliant, and met site regu-
latory policies; (2) could allow direct data entry via 
smartphone, tablet computer, or desktop computer 
into a study database with safeguards to prevent miss-
ing items; (3) could control different users’ views 
(eg, research coordinators vs patients), (4) could 
accommodate users with limited technological under-
standing and reading literacy; and (5) could send 
automated e-mails to study staff if psychological dis-
tress ePRO scores exceeded prespecified “alert” values. 
Study Sites, Participants, and Settings
ePROSPER was intended for use in a medical and 
surgical ICU population. Therefore, to develop it 
and evaluate its usability, we included ICU survivors 
who received mechanical ventilation for more than 
48 hours and their informal caregivers, ICU physi-
cians and nurses, research coordinators, patient 
advocacy group representatives, as well as content 
experts in computer programming, user interface 
design, ePRO development, and usability testing. 
Patients and caregivers with characteristics that might 
affect their technological abilities (elderly, disabled, 
rural) were purposefully sampled from ICU discharges 
at Duke University Medical Center and a community 
hospital in central North Carolina. All participants 
were fluent and literate in English. We pilot tested 
ePROSPER at Duke University Medical Center, an 
academic medical center in the parent clinical trial 
among participants who provided written informed 
consent (Duke Institutional Review Board Protocol 
#0004371). All study activities were performed 
between January and June 2014.
Figure 1  Overview of study and participant flow. The study consisted of the development of the electronic patient-reported 
outcomes (ePROSPER: ePRO to Support People and Enhance Recovery) system, its performance evaluation, and its 
implementation in a clinical trials setting over the course of 6 months.
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Development of ePROSPER
We developed a preliminary version of a web- 
based ePRO system by using an iterative process with 
the assistance of patients, their families, and content 
experts in which we transformed PROs to ePROs 
and then incorporated the ePROs into a delivery 
system.15 The patient-facing ICU ePRO system is an 
extension of the parent trial’s study staff–directed 
interface for the data entry and management system 
(DEMS). The DEMS is a web-based, touch screen–
friendly system designed for study staff to enter clin-
ical and sociodemographic data (Figure 1). The DEMS, 
its security features, and its build process are described 
more extensively in Supplement 1 (available online 
only, at www.ajcconline.org). We used the DEMS 
foundation and the recommendations of the Inter-
national Society for Pharmacoeconomics and Out-
comes Research task force to then transform written 
PROs to electronic questionnaires (ie, ePROs).16 
The resultant electronic clinical research form con-
tained 76 items for assessing depression and anxiety 
symptoms, posttraumatic stress symptoms, quality 
of life, cognitive ability, and various other factors 
derived from standard questionnaires (Supplement 
2—available online only).17-21 In an iterative process, 
study programmers, investigators, data technicians, 
web designers, and statistical analysts made revisions 
including font resizing, pagination cut points, color 
schemes, navigation mechanics, mode of answer 
responses allowed (radio buttons vs boxes), and 
screen responsiveness optimization for electronic 
devices with different screen sizes. 
This final version of ePROSPER possesses some 
key conceptual differences from our standard study 
staff–directed data collection processes that are shown 
in Figure 2. First, ePROSPER allows participants to 
enter data directly into the study database without 
the need for a telephone interview. Second, we tai-
lored the instructions and cues to a novice user who 
is not one of the study staff and reformatted the ques-
tion layout, formatting, and response types for clarity. 
Third, we built a highly secure function that links the 
user to the ePRO interface by means of a personal 
e-mail message that is free of health information that 
is generated by the appropriate timing of the required 
interview (eg, 3 months after randomization).
Evaluation of ePROSPER Performance and 
Implementation in a Clinical Trial Setting
After consensus among developers was reached on 
the design features of the ICU ePROSPER system, we 
evaluated its usability, acceptability, and feasibility. 
Usability Testing. Usability is a measure of the 
extent to which a person can use a system for its 
goal effectively, efficiently, and satisfactorily.22 Using 
guidelines from the website Usability.gov and our past 
experience in usability testing among ICU survivors,23 
we evaluated usability among ICU survivors and their 
family members by using online questionnaires, by 
telephone, or in person as was most convenient.9,24,25 
The study questionnaire included quantitative and 
qualitative assessments of the following usability 
characteristics of ePROSPER: ease of use and com-
pletion, presence of mistakes or problems, user sat-
isfaction with the system, likes and dislikes (with 
open-ended feedback framed by Nielsen characteris-
tics),26 and efficiency (ie, time required to complete 
tasks).9 Participants also completed the System Usabil-
ity Scale (SUS), a validated 10-item scale with Likert-
scaled responses ranging from “strongly agree” to 
“strongly disagree” and a summary score that ranges 
from 0 (worst possible usability) to 100 (best possible 
usability).24 A priori, we defined success in usability 
Figure 2  Comparison of ePROSPER (electronic Patient-Reported 
Outcomes to Support People and Enhance Recovery) with stan-
dard processes of questionnaire-based data collection conducted 
by study staff. This figure shows how data collection can occur 
using either standard processes (telephone or in-person inter-
views conducted by study staff) or ePROSPER. Solid lines show 
the ePROSPER pathways of data prompting and entry by patients 
and families. Dashed lines show the standard data entry processes. 
Dotted lines show unique functionalities of the ePROSPER data 
system. Different user types (study staff vs study participants) are 
limited to specific “views” of the system depending on their role.
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Quantitative and 
qualitative usabil-
ity characteristics 
of ePROSPER 
were assessed.
ePROSPER could 
provide a method 
of automating 
contacts and 
introducing digital 
data collection.
when SUS scores appeared to reach a ceiling effect, 
with a minimum score of 70—the general accepted 
cutoff for a usability rating of “good.”22,27 In final 
evaluation cycles, participants also evaluated the 
ePROSPER in a think-aloud approach with study 
staff to provide feedback in their own words as they 
were navigating the system.28
Usability testing of ePROSPER comprised 2 
phases: (1) development and heuristic testing by 
developers and experts in PROs, user interfaces, 
programming, and visual display and (2) formal 
usability testing among patients and 
families within informal and clinical 
settings. Participants were sent elec-
tronic links to the ePROSPER demo 
system (see Supplement 1—available 
online only). In phase 1, evaluators 
were instructed to consider the system 
from the perspective of a recently dis-
charged ICU survivor, to view it on 
either a tablet or laptop/desktop com-
puters, and to provide feedback using a framework of 
Nielsen’s 10 usability and user interface heuristics 
(Table 1).26 In phase 2, ICU survivors and their family 
members, ICU physicians, and ICU nurses completed 
usability questionnaires and provided feedback. 
Cycles of heuristic evaluation and responsive revisions 
were performed from March through May 2014 
(phase 1) and in June and July 2014 (phase 2).
Acceptability and Feasibility Testing. Acceptability 
was assessed among all participants by Likert-scaled 
measures of satisfaction and preference in comparison 
to an identical, but written, questionnaire adapted 
from the Client Satisfaction Questionnaire.29 Feasi-
bility was measured by rates of task completion (open 
e-mail, login to system, complete questionnaire), 
time to complete the questionnaire, comprehensi-
bility (5-point Likert scale), and 
rates of errors after implementation 
in the DEMS system. 
Results 
Participants
It took 6 months to adapt the 
written questionnaires to electronic 
versions, develop and evaluate 
ePROSPER, and then implement it in 
a clinical trial. In the 2-month devel-
opment phase, a total of 30 participants included 5 
patients, 5 caregivers, 5 programmers, 6 study inves-
tigators, 3 ePRO experts (3 had PRO expertise, 2 had 
user interface expertise, and 1 had programming 
expertise), and 6 study staff. A total of 30 partici-
pants evaluated the performance of the 4-month 
ePRO system, including 10 patients, 13 family 
members, 2 physicians, 2 nurses, and 3 content 
experts. Altogether, the 60 participants’ age groups 
were as follows: 27 (45%) were less than 45 years 
old, 22 (37%) were 46 to 64 years old, and 11 
(18%) were at least 65 years old; 28 (47%) were 
female. Primary ICU admission diagnoses for patients 
included acute respiratory distress syndrome (76%), 
sepsis without acute respiratory distress syndrome 
(8%), and trauma (16%); all received mechanical 
ventilation, and all had illness severity scores consis-
tent with 50% or greater risk of hospital mortality.30
Usability Testing of ePROSPER and System 
Revisions in Response to Feedback
In phase 1, expert participants were able to 
complete study tasks within 15 minutes and 
reported a median SUS score of 83. In response 
to their critiques, instructions were clarified, small 
radio button responses were replaced with larger 
touch boxes, font size was increased, screen respon-
siveness to device type was enabled, real-time 
response upload was added to prevent data loss 
and user frustration, and the login procedure was 
simplified. These results are displayed in the con-
text of Nielsen usability heuristics in Table 1.
In phase 2, testing involved 3 cycles of 6 to 8 
persons each. The major issues identified by users 
in early cycles involved login validation processes, 
instruction clarity, and the cumbersome nature of 
documenting postdischarge disposition over time 
(Table 1; see also Supplement 3—available online 
only). In response, we enhanced language clarity, 
visual appeal, user-friendliness of the response 
buttons, and personalization of the discharge dis-
position page by prepopulation of the user’s dis-
charge date and most recent postdischarge 
disposition location (eg, home, nursing home). 
Think-aloud exercises identified issues related to 
screen placement of answer choices and instruc-
tions. Examples of selected final ePRO items with 
various possible response types are shown in Fig-
ure 3. Median SUS scores increased with progres-
sive revision cycles from 40 to 73 to 95—a final 
score considered “exceptional” (Table 2).31 We then 
implemented the final version of ePROSPER 
within the parent clinical trial. Data from 5 
patients and 5 caregivers were cross-checked by 
hand and showed no errors or missing variables. 
Acceptability and Feasibility 
All but 1 user from the first evaluation cycle were 
either “very satisfied” or “satisfied” with ePROSPER. 
Twenty-six (87%) of all study participants (and 100% 
of usability testing participants) said that they pre-
ferred the online questionnaire to a written 
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Usability categories
Developmental 
solution 
Clinical/research team 
issue identified
Patient/family issue 
identified
Developmental staff 
issue identified
Phase 2a
Patients, patients’ families, clinicians
Phase 1
Experts and investigators
Table 1
Results in heuristic usability categories
Visibility of system 
status
Match between 
 system and the 
 real world
User control and 
freedom
Consistency and 
standards
Error prevention
Recognition rather 
than recall
Flexibility and 
 efficiency of use
Aesthetic and 
 minimalist design
Help users 
 with errors
Help and 
documentation
Password-driven  
linkage to website 
not clear in e-mail
Password linkage to  
a date picker that 
required typing a 
date of birth was 
confusing
Thematic flow prob-
lems between ques-
tionnaires identified
Need for automated 
saving of work com-
pleted without requir-
ing redo by user
Some errors on specific 
web browsers
Radio buttons were 
small 
Background color   
too dark
Need to flag  
missed items
Better instructions quantify-
ing the length of ques-
tionnaire; progress bar in 
development
E-mail improved with a very 
large button specifying 
hotlink to ePRO added
New date picker added that 
did not require typing
Component questionnaires 
rearranged in thematic 
groups
Scale language “Americanized”
Redundant items removed
Auto-save function added
Standardized formatting
Numerals (scoring) removed
Simpler, directed instructions
Timeouts relaxed
Instructions carried forward
Full browser testing and 
troubleshooting
VAS items simplified
Item answers carried forward 
for issues less likely to 
change in a short period  
of time (eg, medications)
Large font
Large response buttons  
ideal for computer or 
touch screens
Simple date picker with  
click function
Provide information about 
avoiding errors due to 
missed items
Help function increased in size
Missed items highlighted in red
Contact info (text, e-mail) 
provided for assistance on 
every page
Confusing login 
procedure*
Formal language identi-
fied as problematic*
Numerals before items  
on different scales 
distracting**
Some items could be  
easily skipped**
Instructions not carried 
over to new pages*
Method of completing vi-
sual analogue scale (VAS) 
items was unclear*
Font too small*
Users did not know  
progress status as  
they completed pages**
Date picker was 
confusing**
Users senses repetition  
of items when multiple 
questionnaires were 
combined**
Users noted formatting 
was different between 
questionnaires**
Instructions unclear*
Cognitive status form  
timeout too short*
Repetition of answers  
on subsequent question-
naires (longitudinal)**
Font too small**
Too many questions  
per page**
Date picker tool  
 required typing*
Help function hard  
to see**
Missed items hard   
to see**
No contact information 
for help provided**
a Single asterisk refers to comments in cycle 1; double asterisk refers to comments in cycle 2. 
questionnaire, primarily because of its convenience. 
All users in the final 3 cycles were able open the 
e-mail link, log in to the system, and complete the 
questionnaire within 20 minutes (~5-10 minutes 
faster than a telephone- based interview). 
Discussion 
ePROs measure the concepts that are most per-
sonally significant and relevant to a patient’s condi-
tion and treatment.32 We developed ePROSPER, a 
novel web-based ePRO system that shows evidence of 
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Figure 3  Examples of the appearance of selected ePROSPER (electronic Patient-Reported Outcomes to Support People 
and Enhance Recovery) items. Selected items with different response formats are shown here.
 
None Mild Moderate Severe Very
severe
*In the past 7 days, how would you rate your fatigue 
on average?
100 - Best imaginable 
         quality of life
0 - Worst imaginable 
         quality of life
*In general, how would you rate your current quality of life?
I’ve been concentrating my efforts on doing something about the situation I’m in.
I haven’t been
doing this at all
I haven’t been
doing this at all
I’ve been doing this
a medium amount
I’ve been doing this
a medium amount
I’ve been doing this
a lot
I’ve been doing this
a lot
I’ve been doing this
a little bit
I’ve been doing this
a little bit
I’ve been getting emotional support from others.
  
Systems Usability Scale
Table 2
Usability attributes of ePROSPER (electronic Patient-Reported Outcomes 
to Support People and Enhance Recovery) by testing cycle
Total scores, median (interquartile range)
Scale itemsa
  I think that I would like to use this program if I was an [intensive care unit] survivor
  I thought the program was too complex
  I thought the program was easy to use
  I think that I would need the support of a technical person to be able to use the program
  I found the information and questions in the program were well integrated
  I thought there was too much inconsistency in the program
  I would imagine that most people would learn to use this program very quickly
  I found the program very cumbersome to use
  I felt very confident using the program
  I needed to learn a lot of things before I could get going with this program
95 (90-100)
  7 (78)
  7 (78)
0 (0)
  8 (89)
0 (0)
  8 (89)
0 (0)
    9 (100)
0 (0)
    9 (100)
0 (0)
73 (66-81)
  8 (73)
  8 (73)
  3 (27)
  9 (82)
1 (9)
  8 (73)
1 (9)
  7 (64)
  2 (18)
  8 (73)
  3 (27)
40 (39-55)
0 (0)
0 (0)
  4 (57)
  2 (29)
  2 (29)
0 (0)
  5 (71)
0 (0)
  5 (71)
0 (0)
  2 (29)
83 (74-100)
    3 (100)
    3 (100)
0 (0)
  2 (66)
0 (0)
  2 (66)
0 (0)
    3 (100)
0 (0)
  1 (33)
0 (0)
Cycle 3
(n = 9)
Cycle 2 
(n =  11)
Cycle 1
(n = 7)
Experts
(n = 3)
a Number (percentage) who reported “strongly agree” or “agree.”
usability, acceptability, and feasibility among ICU 
survivors and their family members. The ePROSPER 
system represents an acceptable method by which to 
completely automate data collection and storage in a 
research setting. Although an ePRO system in itself is 
not particularly novel in concept in 2015,33 ePROS-
PER is one of the first automated mobile data collec-
tion tools to be successfully implemented in a clinical 
research setting among survivors of critical illness—
and built with their help. The extremely high level of 
usability that we achieved reflects the quality of this 
partnership. The fact that ICU survivors and their 
families can complete online questionnaires success-
fully is a key observation relevant to future studies in 
critical illness that involve long-term follow-up.
What Are the Research Implications 
of This Study?
It Provides Proof of Concept That ePROs Could 
Enhance Research Efficiency in Critical Illness. First, 
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ePROSPER is usable, 
acceptible, and feasi-
bile for collecting data 
from recently ill patients. 
ePROSPER is a patient-centered solution that applies 
the efficiencies of mobile information technology 
to a specific problem in a special environment, 
incorporating complex questionnaires—some of 
which, to our knowledge, have not previously been 
adapted to a self-directed electronic format (eg, 
the Modified Telephone Interview for Cognitive 
Status)—with different response types and user 
demands,21 displaying them in an understandable 
manner, and ordering them to optimize the user 
experience. Second, ePROs can address many seri-
ous logistical challenges associated with collecting 
patient-centered outcomes from ICU survivors and 
their families. Some groups have reported low rates 
of dropout and missing data,3,34 which may be related 
to the use of both repeated contacts and different 
methods of contact (eg, telephone calls, mailed 
surveys).7 To this end, ePROSPER could provide a 
method of automating contacts and introducing a 
digital modality of data collection that is increasingly 
used by all age groups. Third, ePRO systems meet a 
need, since a number of patients prefer online to 
written surveys as did our participants.10-12 Last, an 
important lesson we learned in ePROSPER’s evolution 
was that the revisions most important to enhanced 
usability were related to general user interface issues 
rather than condition-specific elements.
It Provides Information on the Value Proposition 
of ePRO Systems. ePROSPER required 3 weeks 
(~120 hours) of programmer, developer, and web 
designer time—a cost of roughly $10 000. However, 
after ePROSPER implementation in the parent clin-
ical trial, 120 of a possible 212 interviews (57%) 
have been completed by using smartphones, tab-
lets, and laptop/desktop computers to date. This 
accomplishment has saved approximately 3 weeks 
of scheduling and interview time for our research 
team. It is important to emphasize that for smaller 
projects or straightforward data collection needs, 
off-the-shelf questionnaires could be adequate. 
However, for more complex data use scenarios, data-
base integration, graphics-heavy interface design, or 
site-specific security demands, a home-grown ePRO 
system could add value by gains in efficiency that 
offset the upfront investment required. More 
importantly, though, by enhancing clinical trial 
participants’ research experiences like this, ePRO 
systems could increase response rates, improve 
engagement of participants, reduce staff effort, and 
improve data accuracy.13,14
What Are the Clinical Applications of ePRO  
Systems Like This?
Monitoring Health of Individuals Within Populations. 
Data obtained from ePROs can be automatically 
translated to a variety of tasks beyond generating 
reports.13 As an example, ePROs enabled our data 
system to generate automated, real-time, e-mails 
that were free of protected health information (ie, 
no name, birthdate, phone number) to the study 
investigators when any participant’s psychological 
distress scores exceeded predefined cutoffs (Supple-
ment 4—available online only). Although these 
systems may present methodological questions for 
clinical researchers, such as biasing results by inter-
vening on the basis of ques-
tionnaire scores of unclear 
significance during a trial,35 
they could present a feasible 
way for clinicians to manage 
populations of patients 
more responsively and effi-
ciently in the moment. Fur-
ther, ePRO systems may 
foster relationship building between study partici-
pants, allowing crowdsourcing of important issues 
or research questions from the point of view of 
patients and caregivers, integration with decision-sup-
port capabilities, and engagement in self-manage-
ment techniques. 
Contributing to Decision Making in a Future Digi-
tal Health System for ICU Survivors and Their Families. 
Although patients and families want answers to basic 
questions such as “What happens to people like me 
long-term?”, our current ability to model the relevant 
trajectories of long-term outcomes is constrained by 
the financial and logistical infeasibility of the data col-
lection required.36 ePRO-enabled systems could cap-
ture these data, which could then be used to inform 
decision tools and individualize prediction mod-
els.37,38 If patients could see their ePRO data applied 
to such useful tasks, it could reinforce their buy-in for 
such data systems—while also serving to improve data 
quality for clinical applications and research alike.
ePROSPER as Part of a Learning Health Care 
System. Developing multiple uses for patient-centered 
data is a foundational principle in developing learning 
health systems—ideal environments in which real-
time health care data such as patient-level ePRO input 
are continuously aggregated, analyzed, and applied 
to the continual improvement of patient care, quality, 
and research.37 Although ePROSPER was designed 
for research, a future direction might be to simplify 
it to include only the most practical items for direct 
clinical care, such as triggering supportive services 
for those with high symptom burdens, monitoring 
the quality of survivorship care, and, when linked 
to other health care data, contributing to our currently 
immature understanding of modifiable predictors 
of survivorship outcome.39
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Study Limitations
This study has a number of limitations. First, 
it is relatively small and uncontrolled. Although we 
purposely sampled from different age groups, our 
results may not be applicable to all ICU survivors. 
Similarly, ePROSPER was developed and tested 
entirely in English, in North America, and thus 
would not necessarily generalize to other languages 
and cultures without further specific user testing. 
Second, this study did not test the equivalence of 
written and electronic questionnaires; however, such 
testing is generally unnecessary when minimal changes 
are made to items as was done in this study.16 In fact, 
meta-analyses have shown that the differences in 
scores between written and electronic modes is 0.2 
points on a 10-point scale.40 Third, the Pew Research 
Internet Project estimates that although 87% of all 
US adults overall have Internet access, only 77% in 
the lowest socioeconomic stratum are online. There-
fore, digital equality is an important topic of future 
research.41 Last, a general risk of using ePRO systems 
is uncertainty about whether a patient or a caregiver 
is completing questionnaires. However, it seems 
unlikely that systematic falsification of responses 
would be common. 
Conclusion 
In summary, we developed ePROSPER, a web-
based ePROs system. ePROSPER shows evidence of 
usability, acceptability, and feasibility in a clinical 
trial setting that included recently ill patients. ePRO 
systems such as this may help to address some of 
the challenges associated with longitudinal data 
collection in studies of ICU patients and their fami-
lies. Future research is warranted to determine if 
such systems may also provide benefits in a routine 
clinical setting. 
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